The Russian and LTCM crises of August-September 1998 represent an unusual period of volatility in international bond markets with bond spreads increasing dramatically across the globe. Using a latent factor model and a new data set spanning markets across Asia, Europe and the Americas, we quantify the contribution of contagion to the spread of these crises. Contagion accounts for less than 17 percent of total volatility, with the main effects due to the Russian crisis. Both developing and developed markets experienced contagion from both crises. The relatively larger contagion experienced in developing markets is a reflection of their higher volatility. JEL Classification Numbers: C33, E44, F34
Since the mid-1990s, international financial markets have experienced several episodes of distress. During these crises, financial market participants have been concerned about the possibility that a crisis will spillover and lead to extreme volatility elsewhere in the world.
The international spillover effects of some recent financial crises (e.g., the Mexican and Asian crises) appear to have been limited to other emerging markets or region(s). However, during the Russian/LTCM crises of August-September 1998, increased financial volatility was widespread across industrial and emerging countries. As events unfolded, the period of turmoil in global financial markets following the Russian default and the LTCM nearcollapse was relatively short, spanning only a few weeks, possibly due to the aggressive easing of monetary policy undertaken by the U.S. Federal Reserve between September and November 1998. Nonetheless, the effects of the 1998 crises were felt dramatically across global financial markets. The Bank of International Settlements' (1999) survey of market participants characterised the Russian bond default and the subsequent near-collapse of LTCM as "the worst crisis" in recent times. This paper examines the transmission of the Russian and LTCM shocks to other countries. In particular, the focus is on the spreads between long-term soverign bonds issued in international markets by emerging economies, and long-term corporate bonds issued in advanced economies, vis-à-vis comparable risk-free benchmarks. These spreads or 'premiums' reached extraordinarily high levels in both developing and advanced economies during this period. Investors switched to highly liquid assets, demanding sharply higher premiums even for relatively low risk securities with less liquidity (for example, spreads between the 29-year U.S. Treasury bond and the more liquid 'on-the-run' 30-year bond reached historically high levels).
Most analyses of recent financial crises have focused on currency, banking or equity markets.
There is little by the way of empirical literature on the spread of crises through the international bond markets. This is partly because bond markets in many developing countries have lacked liquidity, and because a consistent and comprehensive historical database on bond spreads is difficult to construct for the early periods. In addition, bond markets are found to be relatively stable during the Asian crisis compared with equity and currency markets. One of the advantages of examining bond spreads is that they reflect the risk premium that investors assign to prospective borrowers, either because of the perceived creditworthiness of borrowers or due to the willingness of lenders to take on risk. Of course, bond spreads also respond to the degree of liquidity in the market, although all of these factors seem to be entangled during crisis episodes. One interpretation of examining the effects of the Russian default and the LTCM crisis separately is that the former affected credit risk concerns, while the latter worked as a global liquidity shock.
This study attempts to shed light on several questions. Is the common increase in the volatility of bond market spreads a reflection of the long run relationships between economies, or was it the spillover of events from Russia and the U.S. to the other economies that is unanticipated, and therefore "contagion"? Is there evidence that the Russian crisis affected only emerging markets while the LTCM problems mainly affected matured markets, as suggested by the Bank for International Settlements (1999) ? And relatedly, does the data show that developing markets are more likely to be affected by contagion than developed markets, as maintained, for example, by Kee-Hong Bae, G. Andrew Karyoli and Rene M. Stulz (2000) for equity markets?
We examine the daily behavior of bond spreads for 12 countries from several regions in the world: Argentina, Brazil and Mexico in Latin America; Indonesia, Korea and Thailand in Asia; Bulgaria, Poland and Russia in Eastern Europe; and the Netherlands, the U.K. and the U.S. as representative industrial countries in Europe and North America. The period of study encompasses February to end-December 1998. Specifically, a latent factor model of the spreads in the bond market is developed to examine the effects of unanticipated movements in the Russian and U.S. markets on other countries around the world. 1 The bond spreads are decomposed into a set of latent factors, identified as common shocks and country-specific shocks, analagous to the systemic and idiosyncratic shocks of the finance literature. The origins of the model can be found in papers such as Frank X. Diebold and Marc Nerlove (1989) and Ronald Mahieu and Peter Schotman (1994) .
More recently, Mardi Dungey, Vance L. Martin and Adrian R.
Pagan (2000) demonstrate how this type of model can be identified and estimated using indirect estimation techniques.
We adopt a similar approach and introduce effects of the transmission of unanticipated country-specific shocks to other countries. In common with a substantial part of the literature, this effect is referred to as contagion; see for example Jeffrey Sachs, Aaron Tornell and Andrés Velasco (1996), Paul Masson (1999a,b,c) , Dornbusch, Park and Claessens (2000) and Pericoli and Sbracia (2001) .
The results show that there are discernible contagion effects from the Russian crisis to other markets. In contrast, global contagion effects from the LTCM near-collapse appear to be more limited. However, the absence of a larger contagion effect from the LTCM crisis may reflect its short duration as the Fed acted to contain a potential credit crunch. The evidence also suggests that while the U.S. experienced some contagion from Russia, contagion from the LTCM to Russia was very small.
In proportionate terms, contagion effects from Russia were particularly substantial for the Netherlands, Brazil, Bulgaria and Thailand. Countries relatively unaffected by contagion included the U.K., Indonesia, Mexico and Argentina. The overall results suggest that 1 The advantage of this technique is that it is possible to identify and quantify these effects without resorting to ad hoc identification of the pertinent fundamentals. Examples of papers which consider particular fundamentals and discuss this problem are Barry Eichengreen, Andrew K. Rose and Charles Wyplosz (1996) , Reuven Glick and Andrew K. Rose (1999) , Kirsten Forbes and Roberto Rigobon (2002) .
contagion may be of importance not just to developing countries, but also to developed economies. Interestingly, Brazil was one of the countries most affected by contagion from Russia just prior to its crisis that unfolded in January 1999.
The remainder of this paper is organized as follows. Section I reviews the background of events and the stylized facts of the data, followed by a discussion of the data characteristics in Section II. A model of contagion is described in Section III, and is then related to the existing literature on contagion in Section IV. The estimation method is discussed in Section V followed by the empirical results in Section VI. Section VII concludes.
I. BACKGROUND OF EVENTS AND STYLIZED FACTS
During the Asian crisis, the turmoil which began with the devaluation of the Thai baht in July 1997 quickly precipitated declines in currencies and equities in the region and in other developing markets. However, the effects on the risk premia of the international bonds issued by emerging countries were rather limited. Apart from the relatively short period of turmoil in global financial markets resulting from the speculative attack on Hong Kong on October 27, 1997, bond spreads were relatively stable in non-Asian countries during the second half of 1997 (see Figure 1) .
After a period of relative calm in international bond markets during the first part of 1998, Russia announced a de facto devaluation by widening the trading band of the ruble on August 17, 1998. Russia also declared its intention to restructure all official debt obligations falling due to the end of 1999 and imposed a 90-day moratorium on the repayment of private external debt. 2 The Russian default appears to have led to a reassessment of credit risks The sharp easing in U.S. monetary policy was in part motivated by growing concerns that the U.S. economy was on the verge of experiencing a liquidity crash as corporate bond spreads in the U.S., and in other countries, had risen to exceptionally high levels, increasing the cost of financing for corporations.
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This otherwise arbitrary "end" to the crisis of 1998, is supported by the findings of Manmohan Kumar and Avinash Persaud (2001) .
Informal examination of the data for the second half of 1998 (Figure 2 ) suggests that the Russian crisis had a substantial impact on all countries examined, both in advanced economies and emerging markets. The LTCM shock also appears to have had an impact on all the countries, with a relatively smaller hump experienced by most emerging countries relative to the effect of the Russian shock. The data seem to suggest that the Russian and the LTCM shocks were reinforcing in their effects on other financial markets since practically all markets experienced two jumps in their spreads: one following the Russian default (the first band in figure 2 ) and another one following the announcement of the LTCM financial problems (the second band in figure 2) . Similarly, the fact that corporate bond spreads began to rise in the U.S. following the Russian crisis and that the Russian sovereign spread rose even further in the aftermath of the LTCM crisis suggests that these two events may not have been independent. Unlike other recent financial crises, the shocks during August-September 1998 seem to have been transmitted across countries with little in common-including countries that do not fit traditional explanations of contagion based on trade links, competitive devaluation or regional effects as suggested in the taxonomies of contagion by Julia Lowell, Richard Neu and Daochi Tong (1998) and Morris Goldstein (1998) . The crisis of 1998 affected countries as diverse as Russia and Brazil, and spanned emerging and advanced markets. Disentangling the crisis of 1998 is particularly complex because of its relative brevity and the fact that two distinct shocks occurred within weeks of each other.
II. THE DATA AND SAMPLE
Daily data for twelve countries were collected for February to December 1998 (Mexico, Argentina, Brazil, Indonesia, Korea, Thailand, Bulgaria, Poland, Russia, the Netherlands, the U.K. and the U.S.). This sample period allows our estimation to incorporate a clear 'precrisis' period and the two crisis events of the Russian bond default and the LTCM neardefault.
The data represent the spread of long-term debt over the appropriate risk-free yield for each country (see Appendix I for source descriptions, definitions and details). We label this spread as the 'premium' while recognizing that it does in fact reflect a myriad of factors, including the liquidity premium and the term structure of the yield curve. The choice of the risk-free rate was specific to each long-term bond. In the case of emerging countries, sovereign bonds were issued in U.S. dollars and hence the spread is calculated against the comparable maturity-matched U.S. Treasury bond rate. Where possible, the bonds selected for emerging markets were sovereign issues to reflect the true cost of new foreign capital -the exceptions were Poland and Bulgaria which are represented by Brady bonds. In the case of the advanced markets, which are able to issue international bonds in domestic currency, BBB investment grade corporate bonds were compared to the corresponding risk-free Treasury bond in each country.
The statistical characteristics of the data are summarised as follows, with full details given in Appendix II. The rise in spreads over the period is approximated by a unit root, as the corresponding risk free rates remained relatively constant. Both larger means and absolute movements are evident in the premiums of developing markets compared to the industrialized countries. The data display non-normality, and fitting integrated univariate GARCH(1,1) models to the changes in the premiums suggests that there is a common timevarying volatility structure underlying the data. This feature of the structure is exploited in the model described in the following section.
III. A FACTOR MODEL OF THE "PREMIUM"
Volatility in the premiums of each country is hypothesized to be influenced by events that are country-specific and events that are common to all economies. However, it is difficult to ascertain both the timing and nature of these events. In the existing literature, contagion is tested conditioned on controlling for events chosen by the researcher after the observed financial crises, for example the work of Barry Eichengreen, Andrew Rose and Charles Wyplosz (1995 Wyplosz ( , 1996 , Sachs, Tornell and Velasco (1996) , and Reuven Glick and Andrew Rose (1999) follows this approach. The economic indicators chosen in this way are often statistically insignificant, and it is difficult to know whether they are the 'correct' choice even ex-post. A desirable alternative, noted by authors such as Michael Dooley (2000) and Sebastian Edwards (2000) , is to use a modelling specification which does not require the choice of specific indicators with which to associate the crises, that is to use latent factors.
Latent factor models have been specified for a number of markets. The majority of the existing empirical work has focused on currency and equity markets, such as represented in Diebold and Nerlove (1989) , Victor Ng, Robert Engle and Michael Rothschild (1992) , Mahieu and Schotman (1994) , and Mervyn King, Enrique Sentana and Sushil Wadhwani (1994) . Empirical work on interest rates is rather less extensive. Allan Gregory and David Watts (1995) explore long bond yields across countries, while Dungey, Martin and Pagan (2000) apply a latent factor model to the spreads between individual country bonds and the US bond.
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The basic model of the bond market adopted in this paper is similar to that specified in Forbes and Rigobon (2002) and King, Sentana and Wadhini (1994) for equity markets.
Letting , i t r be the interest rate on the bond in country i, the interest rate is determined by a risk-free rate of interest, , i t rf , a world factor, W t and a time-varying country-specific factor
The loadings on these world and country-specific factors are given by the parameters λ i and φ i respectively. The common factor, W t , affects the premiums in all countries, but with a differing parameter in each case.
Regional effects are potentially important in this data, as evidenced by the common regional GARCH characteristics of the previous section. Regional effects have been posited to be 5 A similar class of models has recently been adopted by Ayhan M. Kose, Chris Otrok and Charles H. Whiteman in studying business cycles. important in the spread of crises, for example in the work of Graciela Kaminsky and Carmen Reinhart (2002) . To incorporate these regional effects, equation (2) 
where R k,t is a time-varying regional factor. Three economic regions are specified in the model, implying three regional factors, K=3. The first is a regional factor common to Latin America (Argentina, Brazil and Mexico) and denoted R Lat,t . The second is a regional factor common to the Asian economies (Indonesia, Korea and Thailand), denoted R As,t whilst the third regional factor of Eastern Europe (Bulgaria, Poland and Russia) is denoted R Eur,t . No regional factor is included for the industrialized countries comprising the U.S., the U.K. and the Netherlands. Defining the premium to be
, the model without contagion is specified as 
To incorporate the large movements in the premia over the sample period identified in Section II, the common factor is specified as integrated of order one
where η t is a stationary disturbance term. The regional factors in (3) are also specified as integrated processes of order one , , 
where in general H t is a 16-variate system of independent GARCH processes with unit unconditional variances. Here we restrict the GARCH to the world factor, following the preliminary GARCH results of the previous section, which showed a high degree of commonality amongst the conditional variance structure of the premia.
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To allow for contagion, the effects of unanticipated shocks from other countries on the premium in country i are incorporated by augmenting (3). The augmented system is shown in equation (7). An unanticipated shock from country j is given by the effect of the f j,t on the ith equation with loading δ i,j . There are no own effects, that is δ i,j =0 when i=j.
The three regional factors were also assumed to exhibit GARCH processes, but were found to be statistically insignificant. 
Our interest is in the effects of contagion from the Russian shock (as an international credit risk shock), which is represented by the impact of 7,t f on the other premiums in the model, and the LTCM crisis (as an international liquidity shock), represented by the impact of 10,t f .
The dominance of U.S. financial markets make it difficult to argue that U.S. based shocks over the whole period will represent only the LTCM crisis. To isolate the impact of the LTCM period, the U.S. country-specific factor, f 10,t in (7) is preceded by an indicator variable I. This is a binary dummy, which takes the value of 1 for the period of the LTCM shock and 0 for the non-LTCM crisis period. In Dungey, Fry, Gonzalez-Hermosillo and Martin (2002) , the indicator variable, I, was set to 1 for the entire period -the influence of the US economy in global markets means that the impact of the LTCM shock was somewhat overstated.
A useful way of examining the results from estimating a model such as (7) is to consider the contribution that each factor makes to total volatility in the movement of the premium of each country. As the factors are independent, the total variance of the change in the premiums for each economy can be conveniently decomposed as 
IV. RELATIONSHIP WITH EXISTING LITERATURE
The models estimated in this paper decompose volatility in the spread between long bonds and the appropriate 'risk-free' rate, or the premium, for a variety of economies into a set of latent factors. In common with a substantial portion of the literature the effects of unanticipated idiosyncratic shocks which transmit across national borders are denoted as contagion; here these shocks originate in Russia and the U.S.
The concept of contagion from both a theoretical and empirical viewpoint is controversial in the literature. Recent overviews of the issues are provided by Rudi Dornbusch, Yung Park and Stijn Claessens (2000) and Marcello Pericoli and Massimo Sbracia (2001) . The definition of contagion adopted in this paper is that contagion reflects the spillover effect of unanticipated contemporaneous shocks across countries. This is similar to concepts expressed by Carlo Favero and Francesco Giavazzi (2000) and Rigobon (2000, 2002) . In contrast, Eichengreen, Rose and Wyplosz (1996) and Renato Reside and Maria
Gochoco-Bautista (1999), base their view of contagion on the spillover effects of anticipated shocks across countries.
Contagion viewed as unanticipated, or as a residual, is a common theme in the literature, for example the work of Sachs, Tornell and Velasco (1996) and Masson (1999a,b,c) . Masson decomposes exchange rate changes into three components. These are "monsoonal shocks", or global shocks affecting all countries simultaneously, equivalent to W t in (7); spillovers, which occur through normal trade and economic relationships, and a residual, which is the component unexplained by these systematic relationships. It is this concept that both Masson and we denote as contagion. Masson (1999a,b,c) attributes part of the residual process to multiple equilibria, or sunspots, where there is a role for self-fulfilling expectations leading to contagion if opinions are coordinated across countries, an approach also taken by Olivier Loisel and Philippe Martin (2001) . Multiple equilibria models are also consistent with other channels for contagion, such as wake-up calls due to Goldstein (1998) or heightened awareness due to Lowell, Neu and Tong (1998) . In these cases a reappraisal of one country's fundamentals leads to a reappraisal of fundamentals in other countries, thereby resulting in the transmission of crises. Albert The transmission of expectations in both the multiple equilibrium and wake-up call models can lead to herd behavior as in work by Graciela Kaminsky and Sergio Schmukler (1999) and Guillermo Calvo and Enrique Mendoza (2000) . Herd behavior leads to a concept distinguished as unwarranted contagion by Mark Kruger, Patrick Osakwe and Jennifer Page (1998), which occurs when a crisis spreads to another country that otherwise would not have experienced a speculative attack. This is also corresponds with contagion defined as a residual. A further potential channel of contagion is through asset bubbles created by selffulfilling expectations, moral hazard, or government guarantees, either implied or explict.
Paul Krugman (1998) shows how herd behaviour may burst these bubbles.
Existing empirical work which also uses definitions of contagion fitting into the current framework include Forbes and Rigobon (2002) who look for changes in the correlation structure between asset returns and Favero and Giavazzi (2000) who examine unexpected shock transmission. The effect of 'news' announcements in transmitting crises is investigated by Taimur Baig and Ilan Goldfajn (1999) and Luci Ellis and Eleanor Lewis (2000) for a range of countries. Kaminsky and Schmukler (1999) also analyze the effects of news, where contagion is defined as the spread of investors' moods across national borders. Their key result is that some of the largest swings in the stock market occurred on days of no news.
However, Baig and Goldfajn (1999) and Kaminsky and Schmukler (1999) make no distinction between anticipated or unanticipated news.
Alternative definitions of contagion which lie outside the framework adopted in this paper are based on anticipated spillovers. In the framework of Section III, these channels would be (1996) , Tony Wirjanto (1999) , and Kruger, Osakwe and Page (1998) condition their models on the existence of a crisis elsewhere, which implies that volatility is anticipated.
The factor model developed in Section III is able to encompass many of the existing definitions of contagion in the literature. In particular it brings a focus on the importance of two aspects of contagion, that it be unanticipated and transmitted across borders. The next Section briefly exposits the estimation methodology and Section VI presents estimates of the extent of contagion in the twelve countries described in Section II.
V. ESTIMATION METHOD
Christian Gourieroux and Alan Monfort (1994) have shown that direct estimation of the factor model in Section III by likelihood methods is infeasible as a result of the nonlinearisation arising from the GARCH conditional variance structure. Estimation procedures based on the Kalman filter or GMM only produce an approximation to the likelihood and thereby yield inconsistent parameter estimates. To circumvent problems of parameter inconsistency we adopt indirect estimation techniques to estimate the models specified in Section III. Indirect estimation belongs to a class of techniques which match the characteristics of the sample data with those of data simulated from the hypothesized model to obtain the parameter estimates. The key to this technique is that while the model is analytically complex to evaluate directly, it is relatively straightforward to simulate. Other
forms of this technique are known as Simulated Method of Moments (SMM) and Efficient

Method of Moments (EMM). SMM is associated with the work of Darrell Duffie and Ken
Singleton (1993), EMM with Ron Gallant and George Tauchen (1996) and Indirect Inference with Christian Gourieroux, Alan Monfort and Eric Renault (1993) and Gourieroux and Monfort (1994) . The differences between the three methods lie in the way in which the matching between actual and simulated data proceeds.
The matching of moments is accomplished via specifying an auxiliary model which acts as an approximation to the true likelihood function. The auxiliary model specified here consists of five components, which are designed to capture the key empirical characteristics of the data. The first set of conditions is based on a VAR (1) 
The third set of moment conditions captures the AR (1) 
The fourth and fifth set of moment conditions capture conditional volatility in the premiums arising from the GARCH characteristics of the data identified in Section II. It comprises AR(1) and AR(2) loadings for the squared changes in the premiums. In a similar manner to Diebold and Nerlove (1989) , the number of overidentifying conditions is controlled by including only the 'own' squared autocorrelations of the change in the premium. The 
Collecting all (144+12+12+12+12) time series from (9) to (13) into the (1x192) vector
defines all of the moment conditions that summarize the auxiliary model at time t.
Analogous to the moment conditions based on the sample data, a set of moment conditions based on the simulated data is given by, (9) to (13) Letting θ be the set of unknown parameters of the latent factor model, the indirect estimator, θ , is the solution of:
where g and h v are respectively the sample means of equations (14) and (15). The matrix Ω is a weighting matrix computed as follows (see Gourieroux, Monfort and Renault (1993)) with Newey-West weights
In constructing this weighting matrix, the blocks are assumed to be independent.
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The indirect estimator in equation (16) is solved using the standard gradient algorithms from OPTMUM in GAUSS version 3.2, where the gradients are computed numerically. The simulations are based on normal random numbers from the GAUSS procedure RNDN.
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VI. EMPIRICAL RESULTS
To examine the differences between the transmission of contagion from the Russian crisis and the LTCM near-collapse the model's unconditional variance decomposition specified in equation (8) is presented in Table 1.   9 Total volatility is decomposed into the contribution due to the world factor, regional factors, country-specific factors and the contagion effects from Russia and the LTCM. Reiterating, contagion is said to exist if the unanticipated shocks from Russia or the U.S. spillover to volatility in the premiums of the other countries in the sample. Experiments extending this class of model to allow for contagion from the Latin American and Asian regions in conjunction with contagion from the U.S. and Russia were undertaken to allow for the most general specification. However, this line of research was not pursued due to an undesirable amount of parameter instability inherent in the larger models. Further, in Dungey, Fry, González-Hermosillo and Martin (2002) , the model was originally estimated to allow for contagion effects from Russia only and was then augmented to include the effects from the LTCM crisis. volatility decompositions for the change in the premiums for each country are given in Table   1 and are summarized in Figure 3 . The volatility decomposition presented here corresponds to estimating the model, and allowing for contagion from Russia to other countries, over the entire sample period. However, contagion from the LTCM to other countries was constrained to occur only for that part of the sample during which the LTCM crisis was in effect (September 23 to October 15, when the indicator variable I for the U.S. is set equal to one, as discussed in Section IV). The volatility decomposition excluding the LTCM crisis period (where the indicator variable I is set equal to zero) was also calculated. However, since the contagion effects from the LTCM crisis to the other countries are relatively small, the volatility decomposition results are very similar in both cases and the latter are not reported here (available from the authors upon request). The results in Table 1 indicate that the dominant factor in the volatility decomposition of the change in the bond premiums is the world factor, pointing strongly towards commonality in the movements in premiums experienced over the sample period (figures 1 and 2). This result is consistent with the view that increasing financial market integration has led to high (and expected) co-movements in asset prices. The world factor accounts for between 82 percent (Netherlands) and 99.7 percent (U.K. and Mexico) of total volatility. A corollary of this is that the regional factors have little influence on volatility, with all accounting for less than one percentage point of total volatility. Country-specific factors are relatively important for the U.S. and Argentina, and to a lesser extent Russia and Korea, but in each case account for no more than 13 percent of total volatility. Table 1 shows that most of the contagion effects in the results are sourced from Russia.
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Contagion affects a wide range of countries across the regions investigated. From the industrial nations, the Netherlands experienced almost 17 percent of total volatility due to contagion from Russia. Other developed markets experienced less than 4 percent. The next largest effects were felt in Latin America, where contagion from Russia accounted for 16 percent of volatility in Brazil, although less than 1 percent in the other Latin American economies. Unsurprisingly, the region which experienced the most consistent contagion effect across countries is Eastern Europe, where contagion from Russia represents 5 and 7 percent of volatility for Poland and Bulgaria respectively. In Asia, Russian contagion effects range between 6 percent for Thailand to less than 1 percent for Indonesia.
In contrast, contagion from the LTCM shock is very small as a proportion of total volatility, although it was also widespread across countries and regions. The largest contagion effect from the LTCM shock is under 4 percent of total volatility, experienced by Korea. It is possible that the relatively small LTCM effects are the result of the coordinated action of the U.S. Fed to halt its spread.
Contagion from Russia to the US accounted for about 3 percent of total volatility in the US, while contagion from the LTCM crisis to Russia was small at less than 0.2 percent of total volatility in Russia.
The results for Indonesia, Brazil, and Argentina are worthy of further examination. Indonesia drew comment as the hardest hit by contagion effects in currency markets during the 1997 Asian crisis; see for example discussions by Steven Radelet and Jeffrey Sachs (1998) and Goldstein, Kaminsky and Reinhart (2000) . However, the contagion effects in Indonesian bond markets during 1998, as measured here, are relatively small. One hypothesis consistent with these results is that Indonesia had become extremely sensitive to global financial events in general by this stage, so that to some extent it had lost its 'immunity' to unanticipated shocks. Alternatively, contagion may have been transmitted through asset markets other than the bond market, possibly due to illiquidity in the Indonesian sovereign bond market during this time characterized by political turmoil in Indonesia. Disentangling these hypotheses is scope for future work.
The Brazilian results show a relatively large proportionate effect of contagion, supporting the view advanced by Taimur Baig and Ilan Goldfajn (2000) that the Russian crisis precipitated the Brazilian crisis of January 1999. The relatively large contagion effect to Brazil may be a reflection of the vulnerability of Brazil.
Argentina experienced relatively small contagion effects in 1998, which may come as a surprise given that it experienced a crisis a few years later. However, it is noteworthy that the factors determining total volatility in Argentina are different than the other countries in our sample, except for the U.S.. In particular, the contribution to total volatility coming from the country-specific factor is the largest. This may reflect the fact that Argentina was the only emerging economy in our sample with a currency board regime that appeared to be credible cduring this time. This may have made Argentina less sensitive to contagion and speculative attacks, given that the monetary base was fully backed by foreign reserves.
The results provide little evidence to support the hypothesis that contagion emanating from Russia is confined to developing nations, or that contagion emanating from LTCM was confined to developed markets -as suggested by the Bank for International Settlements (1999). However, it is difficult to derive any stylized facts to support or refute the contention that developing markets are more affected by contagion than developed markets. Not only is there evidence that contagion affects both developed and developing markets, but other evidence similarly indicates that there are some developing and developed markets in our sample which are not affected by contagion. Countries that are little affected by the Russian shock, with less than one percentage point of total volatility attributed to contagion, include the U.K., Mexico, Argentina and Indonesia.
To address these issues further, we transform the results in Table 1 into their squared basis point equivalent by multiplying the values in Table 1 by the variance in the changes in the premiums for each country (i.e. the square of the standard deviations which are reported in Table II .2 in Appendix II). The variance decomposition in squared basis points is reported in Table 2 .
Comparing the results in Tables 1 and 2 highlights the differences between developing and developed markets. In proportionate terms the Netherlands experienced the greatest contribution from contagion during this period, at around 17 percent, while in squared basis point terms the volatility was relatively low, only greater than the other developed markets and Mexico. On the other hand, Brazil, which had the second greatest proportionate contribution from contagion, also has the second greatest basis point contribution, at around 590 squared basis points. The largest squared basis point contribution from contagion was experienced by Bulgaria. Bulgaria had a proportionate contribution from contagion of almost 8 percent, similar to that for Thailand, but contagion contributed 795 squared basis points in Bulgaria, compared with 39 squared basis points in Thailand. Developing countries experience a greater basis point contribution from contagion than the developed countries due to their absolute higher levels of volatility. However, in proportionate terms contagion effects do not clearly differentiate between developed and developing markets. 
VII. CONCLUSION
The international spillover effects stemming from the Russian debt default and the nearcollapse of LTCM in 1998 seemed to be different from those of other financial crises in the 1990s. In 1998, bond markets in both advanced and emerging economies experienced a significant widening of spreads between long-term bonds and their corresponding risk-free rate of return, or the 'premium.' In other episodes of financial crises during the 1990s, most of the impact seemed to be limited to emerging markets or even a regional subset of them.
This paper examined the crises associated with the Russian bond default in August 1998, and the near-collapse of LTCM in September 1998. Using a latent factor model, the change in the premiums of twelve markets is decomposed into components associated with a common world factor, country-specific factors, regional factors and contagion effects. Contagion is defined as the contemporaneous effect of unanticipated shocks transmitted across country borders. This definition of contagion is consistent with those offered in a substantial portion of the literature on this topic, including Masson (1999a,b,c) , Favero and Giavazzi (2000) , and Rigobon (1999, 2000) . The novelty of this paper is both in the application to bond markets and that we provide numerical estimates of the contribution of contagion to volatility in those markets.
The key issues analyzed in this paper are as follows. First, whether there is evidence of contagion in the crises period; second, whether developing countries are more affected by contagion than industrial countries; and, relatedly, whether the hypothesis that the Russian collapse affected mainly developing markets while the LTCM near-collapse mainly developed markets is supported in the data.
The results show clear evidence of contagion effects from Russia, to both developing and developed countries, while the global contagion effects from the LTCM were smaller. In proportionate terms, contagion effects from Russia were particularly substantial for the Netherlands, Brazil, Bulgaria and Thailand. Contagion effects in those countries ranged from 8 percent to about 17 percent of total volatility. The absence of meaningful contagion from the LTCM near-collapse, as a global liquidity shock, is somewhat surprising given the anecdotal evidence offered by traders surveyed by the Bank for International Settlements (1999) . However, these results may reflect the short duration of the LTCM crisis (spanning about three weeks) as the Fed acted to contain a potential credit crunch by easing monetary policy aggressively. The evidence also suggests that while the U.S. experienced some contagion from Russia, contagion from the LTCM crisis to Russia was very small.
The proportion of volatility in the premiums attributed to contagion did not provide clear evidence as to whether the crises had a greater effect on developing or developed markets.
When the results are transformed to squared basis point effects, the evidence generally supports the contention that contagion is greater in developing markets, due to the overall higher degree of volatility typically experienced in those markets. While most of the literature on contagion generally espouses the notion that contagion is only a concern for developing countries, the results in this paper suggest that contagion can also be meaningful for developed economies.
Our results also give support to the view that Brazil was affected by contagion prior to its currency crisis in January 1999. The estimation is based on daily data on spreads from February 12 to January 1, 1999. The bond spreads, or "risk premiums," are constructed by taking a representative long-term sovereign bond issued in U.S. dollars by an emerging country and subtracting from it a U.S. Treasury bond of comparable maturity. For advanced economies, the risk premiums are constructed by taking a representative long-term corporate bond in domestic currency and subtracting from it a government Treasury bond of comparable maturity.
Missing observations were dealt with by removing all contemporaneous observations for that date across countries. The original sample of 231 observations was reduced to 209 observations after accounting for missing observations. The exact details of the missing observations are contained in Dungey, Fry, GonzalezHermosillo and Martin (2002) . MacKinnon critical values for rejection of the hypothesis of a unit root for the ADF test are: 1% critical value -3.4634 (* represents rejection at the 1% level of significance) 5% critical value -2.8756 (** represents rejection at the 5% level of significance) MacKinnon critical values for rejection of the hypothesis of a unit root for the PP test are: 1% critical value -3.4631 (* represents rejection at the 1% level of significance) 5% critical value -2.8755 (** represents rejection at the 5% level of significance) 
where ∆P i,t is the change in the premium for country i recorded at time t. 
